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Abstract. X-ray repair cross complementing group | (XRCCI) is
i DNA repair gene whose polymorphisms appear to influence
the risk of lung cancer. We explored the influence of antioxidants
o the association between the codon 194 amganine to
myptophan substitution polymorphism of XRCC! and lung
cancer risk. In a case-control study nested within a cohort of tin
miners the cases were those diagnosed with hung cancer over 6
vears of follow-up (n = HI8). Two controls, matched on age and
sex, were selected for each case by incidence density sampling,
Individuals with the variant Argl194Trp allele seemed to be at
lower risk for lung cancer (odds ratio (OR): 0.7, 95% confidence
fmterval  (95%CL): 04-1.2). Furthermore, high serum  a-
tocopheral (QR: 0.4 059%CL: 0.2.09) and retinol (O 0.4,
USECL: 0.2-09) Jevels were associated with significantly
reduced risk of lung cancer among  individuals with the
Al Trp varant wliele, but not among individuals with the
wild-type genotype. In addition, the Argi94Trp variant reduced
the risk of lung caoncer associated with increased serum
caratenoids compared to those with the homozygous wild-nype
allele. Our results show that Arg194Trp XRCCI variant modifies
the association hetween senon anioxidants and lung cancer sk,

X-ray repair cross complementing group 1 (XRCCI) is a
protein that complexes with DNA ligase 11, DNA polymerase
(# and poly( ADP-ribose )polymerase to repair gaps left during
base excision repair (1), XRCCL was originally discovered in
radiation-sensitive mutants and assigned to the double-strand
break/recombination  pathway of DNA  repair  (2).
Polymorphisms of XRCC1, which result in amino acid
substitutions, may alter the function or efficiency of DNA
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repair and may contribute to cancer susceptibility (3-9). The
genetic polymorphism of XRCC1 at codon 194 oceurs at a
residue that is identical in human, hamster and mouse,
suggesting that this site is evolutionarily conserved (10, 11). A
BCRT domain found in many proteins responsive to DNA
damage with cell evele checkpoint functions has also been
identified in XRCCI (12). Becavse amino acid residues at the
protein-protein interfaces of multi-protein complexes and
residues involved in the active sites play a role in enzyme
function, it is possible that the XRCCI polymorphism results
in altered efficiency of the protein. We reported earlier that
the ArglTrp polymorphism  variant appeared to be
associated with a reduced risk of lung cancer (13). The goals
of the current study were to explore the imteractions between
the Arglfd4Trp XRCCl  polymorphism  and
antioxidants in relation to lung cancer risk.

serum

Materials and Methods

Sty coftort, The subjects in this study are miners in the Yunnan Tin
Corporation (YTC), China. The incidence rates of lung cancer are
extraordinarily high in this population, Males more than 40 years old
with underground mining experience hive o crude annual incidence of
over one percent, Miners aged 60-64 have an incidence rate in excess of
25% annually, Lung cancer represents about 805 of all cancers seen
annually among YTC emplovees and mortality from this cancer is 10-
fold higher in this area than the rest of China (14), For males over 50
years old, the lung cancer incidence rate is 37 times higher than SEER
rates for LIS males (15, This population has been exposed 10 a number
of known carcinogens, including tobacco smoke, raden and arsenic (163,
A prospective cobort study of high-risk miners of the YTC was
estublished in 1992 with annual foliow-up through 1999, Eligible high-
risk minces were aged = 40 yesrs, with = 70 yeass of underground
mining andfor smelting experience, and free of cancer (except for non-
melinoma skin cancer)at baseline in 1992, The baseline and follow-up
activities were added to an anual YTC sereening of the miners ongoing
since 1973, These activities included: an interview about demographic,
dietary, residential, occupational snd medical histories; a 24-hoor food
recall; chest X-ray, physical exam; and & spuium collection. The initial
cohort established in 1992 had 6,259 miners and, with each annosl
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sereen, more miners entered the cohort as they reached the eligibility
criteria, resulting in 9143 cohort members by 1997, During the anual
sereening in 1993 and 1994, miners were asked to provide o fasting hlood
specimen, The sub-cohort who had biood specimens was representative
of the lirger high-risk cohort and comprised about S0% of 9143
participants. Lung cancer cases were ascerlained by reports o the
Caneer registry of the Labor Protection bustitute of the YTC or from the
annusl screens and were confimmed by the Joint NCLYTC Diagnosis
Review Committee, Over seventy percent of the cases indemtified were
classified ns squamous cell carcinoma of the lung

Selevtion of cases and comtrols. The cises consisted of 106 med and
wormen, aged 40.74 years, diagnosed with primery lung cancer during the
years 1993-1907 ymang the sub-cobort of those wha had given blood,
Using incideace density sampling, the controbs were seleeted from cishort
participants who were alive and free of eancer at the time the matched
case was diagnosed. Controls were matched to cases on sge (+ 2 years)
and sex in 4 21 ratio. Selection of cases and controls was independent of
the assessment of XRCCT genotype,

Ldefinitior of exposures. All veriabies wsed in this stedy were derived [rom
baseline evaluations. The cumulative radon exposure estimate for each
subject was abtained by summing acress the estimated working fevel
months (WLM) for each job held at the YTC prior o the date af entay
at initial screening for the high-risk echort, The cumulative individual
arsenic exposure for each subject was astimated by using an index for
arsenic exposure (Index of Arsenic Exposure Months or IAEM), which
was efleuluted as a time-weighted avermge of arsenic concentration
{mg.'mﬁ times exposure months I:H1E."I‘n3 & months). Individuals who had
smoked cigarettes and/or pipes (water pipes or Chinese long-stem pipes)
regularly for & manths or longsr at amy time in their life were classified
&5 ever smokers and were usked for information on a varety of smoking-
selated issues. Pack vear equivalents (gramsiday x years = 20) were used
1o measure cumulstive tobaceo onsumption, which wis caleulsted
separately lor cigarettes (1 clgarente = 1 gram), water pipe, long stem
pipe and for total tabacen use (17), The tobacco exposure variables used
in the current study were derived from the total tobacco (grams/day) wse
variabie and years of smoking all ubaceo products,

Asvemyment of unticcdini levels, Serum was collected at the time of entry
into the cohort (on the average 2 years prior to case disgnosis) and was
analyzed in case-control triplel sets. Interpersed throughout the sets
were 28 masked quality control semples {135 of sludy group) compased
of pooled sera arranged also in sets of three to include one sét per batch
of analysis. Lab personnel st the NHANES lzboratory of Biochemical
Analyses it the Centers for the Discase Prevention and Contral, Atlanta,
LiSA, were blind 1o the case-control stutus and identity of QC sumples.
The intra-set cocfficients of variation (based on masked reference serum
assays) were 2.7, 3.7, 53, L, 71, 46 and 2.0 for wlpha-tocopheral,
gamma-tecopherol, selenium, retinel, beti-carotene, luticn/zeaxanthin
and betz-cryplosanthin, respectively. The inter-batch coefficients of
variation were 4.1, 3.5, 104, 1.1, &4, 32 und 5.1 for ilphis-tocopheral,
gumma-tecopherol, selenivem, retinol; beta-carotens, lulien/zeaxanthin
and beta-cryptosanthin, respectively. Lycopene was not included in the
anilyses because the serum levels were below the detectable limits and
had higher coefficients of variation than the other carotenoids: Alpha-
carotene wis alse dropped due to the very narrow range of observed
serum levels (0-12 piedly,

Serum levels of alpha-tocopheral, gamma-tocopherol and carotenaitds
were measured by isocratic high performance liguid chromatography
with detection at three different wavelengths (18). Selenium was
measured  in the serum by alomic  absorption spectromelry,
Cuantification was bused on the measurement of light absorved at 195.0
nm by pround state atoms of selenium from a selenium electrodeless
discharge lamp {EDL) source {18},

Polymarphisin erelyses. Polvmarphism analyseés were performed using
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genomic DNA from lymphocyies using the ABI Prism 7700 sequence
detector ("TaqMan ™", Applied Biosystems, Foster City, CA, USA).
PCR primers and dual-labeled alicle discrimination probes wers
designed wsing PrimerBxpress™ version 1.0 (Applied Biosystems),
Probes were selected that had a predicted Ty near 68°C, with the
polymorphic base near the center. Flanking PCR. primers were selected
based on the calewlated penalty score, Ty, length, and amplimer size,
For the C to T polymorphism in exan 6, ¢codon 194 "urbe® prohes with T
= 3-propyne-2-decxyuridine were used. Oligonueleotide sequences for
the analyses were:
Exon 6 codon 194;
Forward Primer: GAGGATGAGAGCGOCAACTOT
Reverse Primer: ACGTTGTCOGAGUTCACCTG
Caliele probe; TCTTCTTCAGCCGGATCAACAAS
T allele probe: CTCTTCTTCAGCTOOATCAACAAGA

Genotyping renctions (10 pl) contzined approximately 30 ng of
genomic DMNA, |x TagMan™ Master Misx, dual-labeled probes (100 oM
each), and PCR primers (9060 nM each). Reactions were performed in
Sf-well  MictoAmp®  Optical  reaction  plates  and caps  (PE
Biosystems).Plates were incubated at 507C for 2 minutes, 95°C for 10
minutes, followed by 40 cycles of 957C for 15 seconds and 64°C for 1
minute. Reaction data was analyzed with Sequence Detection System
versionl.6.3. Amplified DNA from several individuals exhibiting each
senotype was electrophoresed on an sgarose gel 1o confirm amplimer
size and sequenced to confirm each genotvpe. All lab personnel were
blind to the case-control siatus of the samples. For quality control,
genotype delerminations were repeated for a random sample of 10% of
study pantieipants ind we observed a 100% concordance rale;

Stsistical analyses. The Wilcoxon rank sum test was wsed to test the
hypothesis that the distribution of baseline characteristios was the sume
for cases and controls. The Chisquare test was used for categorical
variales 1o test the hypothesis that the distribution of llele prevalences
was the same for cases and controls. Conditional logistic rerression
inilyses were wsed to examing the association hetween genotype and
lumg cancer risk. Modification of the effect of genotype on the odds of
lung cancer by serum analvtes (p-values for interactions) were examined
hy statistical tests of the first order interaction term in the logistic
regression models. Linear trend analyses were conducted by creating
variables using exposure scores based on the median values of each
metabalite for the fist to third tertiles among the controls. Analyses
stratified by antioxidants were conducted by bresking the case-cantrol
match 1o avoid the loss of subjects due to splitting of matched sets that
fell into different strata and wsing unconditional logistic resression
adjusted for age and sex (the originul matching criteria) and other
petential confounders, Tertiles for antioxidants were created using the
distribution of individual antioxidants among the controls,

Potential confounding of the association between genotvpe and
cancer risk by other related risk factors was explored using Spearmoen
rank correlation analysis and multivariate logistic regression models,
including stepwise regression models both before and after stratificaiton,
If the potential confounder coused a significant change in ihe log
likelihood estimate (p < 0.05) and # greater than 209 change in the
beta-coclficient, it was kepl in the model for ferther multivariate
analysiz. Exclusion of early coses {disgnosed within one year of blood
draw) didd not materially alter any of the risk estimates. All analyses were
performed using the Satistical software package STATA (STATA
Corporation, College Station, TX, LUSAY,

Resnlts
The median age of cases and controls was 63 years and most

were retired (99%), Comparison of lifestyle and occupational
variables that could be related to cancer risk yielded some
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Table I Risk factors for lung cancer comparing cases 1o controls’.

Risk Factor Cases (n = 108} Controls (n = 216) pvalue”
Age (Yeurs) 3 63 088
All tobaceo smoked {gramsiday) 17 13 = .01
Years of all wobaceo smoking 45 43 < (.05
Pack year equivalents (all tobacco) 34 25 = (.0
Alcohol (grams'dayy

All men 5 n 18

Dirinkers (45%) 150 17 039
Cumulative radon exposure [WLM) 570 408 = (105
Cumulative arsenic exposure [TAEM)] 11,961 10,101 0,340
Years mining/smelting jobs 3l 29 < 005
Serum

Alpha Tocopheral (ugidl) T8 T3 (164

Ciamma Tocopherol {ugidl) 1025 1015 097

Selenium (ng'ml) 465 4450 0,75

Retinal {ugldl) 454 515 0.1z

Lutein & Zeaxanthin [ug'dl) 55 22 (a2

Beta Carotene {ue/dl) 16.0 155 .14

Beta-Crytosanthin (ugidl) 7 i3 .07
Excn 6, codon 194

ArplArg A2 (43%) B5 (4005

ArpTm 47 [4498) 104 (50%) 042

T Trp 9{E%) 21 {105%)

Arg/Trp + TrpTrp i {5‘1 B ) 125 {ai%n) 0.19

"H:uir:rf on unmatched date with continuous varizbles Exprt;m:d as the median and counts for gentotypes,

“pevalues as determined by Wilcoxon rank-sum tests and 3 for genotype.

differences between cases and controls (Table I). As
expected, tobaceo use and radon exposure were significantly
higher among the cases compared to the controls. The cases
also performed mining and smelting work longer than the
controls.

Prediagnostic serum antioxidant levels by case status is also
shown in Table I Alpha-tocopherol, gamma-tocopherol,
selenium and retinol levels did not differ by case-control
status. The serum  alpha-tocopherol, gamma-tocopherol,
selenium and retinol levels ranged from 440-1638 pgidl, 44-
425 pg/dL, 20-111 ng/ml and 13-117 pg/dl, respectively, among
the controls while the serum  alpha-tocophersl, gamma-

tocopherel, selenium and retinol levels ranged from 316-1850
ug/dl, 40-420 pg/dl, 22-121 ng/ml and 23-105 pg/dl,
respectively, among the cases. All the carotenoid levels were
marginally higher among the cases than controls, but were not
statistically significant. The serum carotenoid levels ranged
from 1-64, 10-123 and (41 pgidl for beta-carotene,
lutien/zeaxanthin and beta-cryptoxanthin, respectively, among
the controls, while the serum carotenoid levels ranged from 1-
50, 14-147 and 1-80 pg/d] for beta-carotene, lutien/zeaxanthin
and beta-cryptoxanthin, respectively, among the cases, Table |
shows also the distribution of XRCC1 variant alleles by case-
control status,
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Table 1T, Lung eancer risk & antoddant stolis seaniffed by XRCCT Arg %4 Tm gmm}p:'l

Cherall

WT: ArglAng”

VT ArefTrp + Trp/Trp”

O (955 Cl) [Cases/Controls)

OR (95% Cl) [Cases/Contrals]

OR (95% C1) [Cases'Controlks)

Crwerall:

1.0 (ref) [5285]

0.7 (0.4 - 1L.2) [56/125]

Alpha weopheral (pafdl)
Tertile 1= 76

Tertile 2: 707 - 802
Tertile 3 = 593

Gnmma tocopherol (pg/dl):
Tertile 13 < 85

Teriile 2! 86120

Tertile 3: = 121

Selenium (ng/ml):
Tertile 1: < 39
Tertile 2: 40k - 54
Tertite 32 255

Reting] (peidl):
Tertile 13 <42
Terlife 2: 43 - 5%
Tertile 3: = 60

L0 (ref) [40/72)

1,3 (0.7 - 249 |38/71)
11 (016~ 2.3) [30773]
Firemy = 029

1.0 {ref) [33/72]

1.1 (06 - 2.1} j3772)
1.4 (0.7 - 2.7 [ 3872]
Priend = (162

1.0 (ref) [31769)

1.2 (0.6 - 23) [3874]
1.2 (6 - 24 [39/73]
Plepg = 052

1.0 (ref) [3871]

1.1 (16 - 1.9) [43774]
07 (0.4 - L3} [277]
Pizeng = 07

Lutein & Zeaxanihine (pgidl)

Tertile 1: < 44
Tertile 2: 45 - 60
Tertile 3: > 61

Beta Carotene {pgfll)
Terdile 1: < %

Terule 2: 10-18
Tertile 3z 19- 90

L0 (ref) [39/75]
(05 - 2.0 [30/67)
1.3 (0.7-2.4) [39/74]
Pirena = 096

L0 {ref) [31/82]

1.3 (0.7 - 2.5) [34/67)
20{1.1 - 3.8) [43/67]
Prreng = 008

Beta-cryptoxanthine (pgfdl):

Tertile 1: < 4
Testile 2:5-7
Tertle 31> 8

1.0 (ref) [2571)

LA (05 - 3.8) [34/70]
20 (1.4 5.8) [4975)
Pirena = 0.03

1.0 (ref) (L2300
22 (0%-5.8) [21124]
24 (0.9 -6.2) [ 1927)
Prrans =103
Pinteruction = (01

1.0 (ref) [933]
30 (11 -50) [22/28]
38 (14~ 1Ay [21024]
Prrigg = 102
Pigteraction = 006

140 (ref) [18724]
0.8 (0.3 -2.2) [1826]
0.6 {03 - L6) [16/335]
Prreng = 04
Pineraction = 003

1.0 {ref) {1634]
20 (0.8 - 5.1) [19246]
1.7(0.7-4.1) [17/25]
Pirend = 1.4
Piteraceion = 003

1.0 (refy [153729)
1.1 (0.5-2.8) [14/28]
2.0 (09 - 4.6) [25/28]
Pirepa = 01
Platersction = .03

100 {ref) [12/36]
1.9 (0.5 - 4.8) [16/25]
30 (13- 2.1) [24724)
Prena =002
Finteracion = 09

1.0 (ref) [934]
26 {L.0-6.8) 1826
3.8 (1.5-9.5) [25/25]
Pisena = 0411
Piineraction = 007

1.0 {refy {28/42)

0.7 (0.3 - 1.4y [17/40]
04 (0,2 - 0.9 [11/43]
Pirena = 02

1.0 (ref) [24/37]

05 (0.2 1,2) [15/43]
0.6 (0.3 - 1.2) [17/45]
Proond = 0.2

L0 (ref) [13/44]

1.5 (0.6 - 3.3) [20/46]
272 (09 -5.0) | 23/35]
Pirend = (.03

1.0 {ref) [22/36)

1.9 (0.4 - L&) [24/46]
(14 (0.2 - 0.9) [10/43]
Pireng = 0,03

1.0 {rel) [26/44]

07 (03 - 1.5) [1639]
06 (L3 - 1.2) [14/42]
Prrcng =001

1.0 (ref) [19/48]
LL(0S5- 2.3) [ 1840
1.1 (L3 - 247 [19740]
Frrong = 0.8

1.0 (ref) | V636]

0.8 (0.4 - 1.9) [16/43]
12 (05 - 2.5) [24046]
Preng = 0.7

' All enmatched logistic regression models a

djusted for age ot baseling, radon and pack years of tobacco exposure

W homomygous wild-type, VT homozygous and heternzyoous varini

Z
“Prrena: Povalue for trend

Pinteretions Pevlue for ineriction
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cancer II'E.‘ik Stratified by SENOType. Among individuals with the
Protective variant ECOOLYpE serum
retinol showed a significant dose response reduction
risk. Compared 1n those in the Jowest tertile of alpha.
tocopherol and retinal, those in the highest tertile were at
reduced risk of lung cancer. Sipnifican positive relationships
with lung cancer risk were observed for both serum gamma-
tocopherol (OR3 3.8, 959, L3106 for individuals in
highest tertile tompared to lowest tertile), beta-carotene (OR
3.0, 95% I [.3-7.1) and beta-cryptoxanthin (OR 38 959% 1
1.5-9.5) (Table II) among those with the wild-type genotype.
The variant allele Apparently counteracted the adyerse
association between serum famma-tocopherol, beta-carotene
or beta-cryptoxanthin and lung cancer risk,

in cancer

Discussion

DNA repair systems act to maintain genoinic integrity in the
face of environmental insults, cumulative effects of age and
general DNA replication errors. XRCCI is thought to play 4
role in the muiti-step base excision repair pathway where
"non-bulky" base adducts produced by methylation, oxidation,
reduction, or fragmentation of bases by ionizing radiation or
oxidative damage are removed {(19). Although the specific
function of XRCC1 has not been identified, it is believed that
XRCCI complexes with DNA ligase 111 via a BRCT domain
in its carboxyl terminus and with DNA polymerase in jts
Amino terminus to repair gaps left during hase excision Tepair
(20).

The Argl94Trp amino acid substitution resides in the
linker region separating the DNA polymerase f domain from
the poly(ADP-ribose) polymerase-interacting domain, We
reported earlier that individuals with the Argl%Trp
substitution allele seemed to be at reduced risk of lung cancer
although the risk estimates were not statistically significant
(OR: 0.7; 93% Confidence Tnterval: U.43 - 1.16). This finding
is consistent with that reported by Sturgis et al. (21) in
squamous cell oral and pharyngeal cancer (OR: 0.41: 95%
CL: 0.20-0.82), Shen ef al. (22) in gastric cardia cancer (OR:
0.54; 95% CI: 0L31-0.91) and Stern er al. {23) in bladder cancer
(OR: 0.59; 95% CL: 3 - 1.4),

The XRCC1 Argl94Trp polymorphism appears to play a
protective role in perhaps reversing senomic damage. In the
current study we observed statistically significant interactions
between  alpha-tocopherol, retinol and  the ArglMTrp
polymorphism, Stratified analysis revealed that higher serum
alpha-tocopherol and retinol levels scemed to be protective
against lung cancer among those with the Arg |94 Trp variant
allele, while the same does not appear to be the case for those
with homozygous wild-type genotype. One explanation of this

Ratnasinghe g7 gf- XROC) Polymorphisms ang

——— e T

Lung Cancer Risk

tinding is that the ArB194Tp amino acid substitution may be
able to increase the base excisiog TEPAIr activity of !{REL‘CI
compared tg wild-type and compliment the Protective effects
of alphﬁ-mcuphem] and retina),

The Argl¥Trp polymorphism ajso modified the effect of
cdrotenoids and lung cancer risk. Among the YTC study
participants, higher serym caretenoid Jevels were associated
with increased risk of lung cancer, (24), The Argl%Tm
variant allele seems tq reduce the risk of lung eancer
associated  with higher serum carotencid  levels, The
Arg1%Trp variant may be able to enhance DNA repair
activity consequently reducing the risk of lung cancer
associated with hj gher serum levels of beta-carotene and beig-
Cryproxanthine,

Another patential explanation of our findings is that it is
Spurious. However, we did not obsetve similar interactions
with the other polymorphisms or even other XRCC1
polymorphisms, The observation that the variant  allefe
enhances the protective lendencies of retinol or alpha-
tocopherol and counters the adverse association of serum
beta-carotene or beta-cryptoxanthine points to consistency in
the biological behavior of the Argl9%4Tep XRCC1 variant.

One of the strengths of this study is its prospective design,
The collection of covatiate data before case dizgnosis
minimized the potential for recall bias for measures of
environmental exposures and the availability of these data
also allowed us to explore genc-environment interactions.
The limitations of this exploratory study includes its rather
small sample size and the multiple comparisons, The
gencralizability of these resyls may also be somewhat
restricted hecause the study was conducted Among i unigue
group of tin miners, Larger studies examining the interaction
ol the XRCC1 polymorphism with antioxidants is needed,

In summary, we observed that the XRCCL ArglMTrmp
variant modified the effects of serum antioxidants on Jung
cancer risk,
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